The objective of this study was to assess the association of polymorphisms in κ-cn, β-lg, β-lg 5′ flanking region, CSN1S2, and IGFBP-3 genes with milk production traits and mastitis-related traits in Chinese Holstein. Traits analyzed were 305 day standard milk yield, protein percentage, fat percentage, the ratio of fat percentage and protein percentage, pre-somatic cell count, somatic cell count, and somatic cell score, respectively. CSN1S2 locus was uninformative because only one genotype BB was found in Chinese Holstein. Allele frequencies of A and B in IGFBP-3 gene were 0.5738 and 0.4262 in Chinese Holstein population, which was different from reported Qinchuan cattle population. The genotypes of animals at IGFBP-3 locus significantly affected 305 day standard milk yield, protein percentage, and somatic cell score. The β-lg genotypes had a significant effect on protein percentage and the ratio of fat percentage and protein percentage. Polymorphism in β-lg 5′ flanking region was associated with 305 day standard milk yield, protein percentage, fat percentage, pre-somatic cell count, and somatic cell count. No significant associations of the polymorphism in κ-cn gene were observed for any trait.
INTRODUCTION
Milk production traits (milk, fat, and protein yields; fat content; and protein content) are important quantitative traits, which have tremendous influence on dairy industry. Somatic cell score (SCS) has high genetic correlation with mastitis (0.60-0.80), and is one of the useful measures of mastitis at present (Banos and Shook, 1990; Chu and Shi, 2001) . Although having made some progress using traditional selection methods for these traits, it is a money and time-consuming process. Whereas, marker assisted selection has greatly improved the accuracy and the intensity of these traits with high speed and low-cost. In dairy cattle breeding special attention is given to the genetic variation of candidate genes and its association with milk production traits and mastitis-related traits (Liefers et al., 2002; Kuss et al., 2003; Yahyaoui et al., 2003; Liefers et al., 2005; He et al., 2006; Taylor et al., 2006; Zhou et al., 2006) .
Casein and whey protein are two main kinds of proteins, accounting for 95% of protein in milk. In fact, the polymorphisms of proteins are produced due to substitution, insertion or deletion of one or several bases of gene directing the synthesis of the milk proteins (Lin et al., 1999) . Extensive studies examining the milk protein loci in cow have concluded that the alleles of these loci may be used as genetic markers of quantitative trait loci (QTL) for milk yield, composition and quality (Baxter, 1993; Ojala et al., 1997; Lin et al., 1999) . Up to now, the results of surveys about allelic frequencies of milk protein genes and relationship between milk protein genotypes and milk production traits were not all the same. Additionally, there are differences between cattle breeds (Ojala et al., 1997) . Insulin-like growth factor binding proteins (IGFBPs) 3 is the major one of IGFBPs which play essential roles in prolonging half life and regulate biological activities of Insulin-like growth factors (IGFs), accounting for the binding of 90% of the plasma IGFs in a trimeric 150-kDa complex containing IGF, IGFBP-3, and an acid labile subunit (Baxter, 1993) . IGFs can stimulate animal growth and mammary ductal development (Richert and Wood, 1999; Ge et al., 2001) . So IGFBP-3 has the most important regulational function for IGFs biological activities and indirectly affects mammary gland development, growth and development traits, and meat quality of animals. Sun et al. (2003) showed that different genotypes of IGFBP-3 affected several slaughter and carcass traits of Qinchuan cattle in China.
In this paper, PCR-RFLP was used to detect the polymorphisms in κ-cn, β-lg, β-lg 5′ flanking region, CSN1S2, IGFBP-3 gene, and the relationship between these genes and several milk traits and mastitis-related traits of Chinese Holstein were analyzed.
MATERIALS AND METHODS

Animal and data source
One hundred and sixty one without genetic relationships Chinese Holstein were used in this study. Traits analyzed were milk yield, protein percentage, fat percentage, somatic cell count (SCC), somatic cell score (SCS) and pre-somatic cell counts (PreSCC). Milk yield was measured twice a month, at the same time milk components were also measured. The total milk yield and average milk components of individuals were corrected. The total milk yield of individuals was adjusted to 305 days standard milk yield (Qiu, 1995) .
DNA preparation, primer selection and genotyping
Genomic DNA of 161 Chinese Holstein was isolated from 2% heparin-treated blood samples and stored at -80°C, following standard procedures (Sambrook et al., 2002) . The primer sequences and their annealing conditions were given in Table 1 . The fragments of the five genes were amplified by standard PCR technology (Sambrook et al., 2002) with some modifications (Table 1) .
Genotyping was carried out according to literatures. In brief, the PCR-RFLPs of these gene loci are bi-allelic. The PCR-RFLP-Alw26I of CSN1S2 locus showed either undigested PCR product (310 bp, allele A), or 179 bp and 131 bp digestion products (allele B) as described by Ramunno et al. (2001) . The PCR-RFLP-HindIII of κ-cn fragment showed either undigested PCR product (780 bp, allele A), or 413 bp and 367 bp digestion products (allele B) according to Zhao et al. (1999) . Digestion of PCR fragment (651 bp) of IGFBP-3 gene with HaeIII resulted in fragment lengths of 199, 164 , 154, 56, 36, 18, 16, 8 bp for genotype AA and 215, 164, 154, 56, 36, 18, 8 bp for genotype BB as described by Sun et al. (2003) and Macilla et al. (1997) . After digestion with HaeIII, the PCR product (434 bp) of β-lg gene showed either 300, 113, 21 bp digestion products (allele A), or 226, 113, 74, 21 bp digestion products (allele B) according to Zhao et al. (1999) . Digestion of PCR fragment (710 bp) of β-lg 5′ flanking region with SmaI resulted in fragment lengths of 472, 181, 50, 7 bp for genotype AA and 472, 231, 7 bp for genotype BB as described by Yahyaoui et al. (2000) .
Statistical methods
PIC (polymorphism information content), h (heterozygosity), Ne (effective number of alleles), and S (Shannon's information index) were calculated according to Bostein et al. (1980) , Nei (1978) , Kimura et al. (1973) , and Guo (2002) , respectively.
Where P i , P j are the allelic frequencies of the allele i and j, m is the total number of alleles.
The association between genotype and milk production traits was performed with the least square method (GLM procedure, SAS version 8.2, 2001) . The model used to analyze the data was assumed to be:
Where Y ijkl is the observation of the trait, µ is the least square mean, G i is the effect of marker genotype, S j is the effect of season, L k is the effect of lactation number and ε ijkl is the residual effect. 
RESULTS
Allele and genotype frequencies
Allele and genotype frequencies for the five loci were studied in Chinese Holstein (Table 2) . Some genotypes were found at low frequency in Chinese Holstein. For example, no animals were homozygous BB at κ-cn locus. The CSN1S2 locus was uninformative in this population. The allele B of CSN1S2 locus seemed to be fixed in Chinese Holstein, or at a high frequency.
Genetic variation
Genetic index evaluated in Chinese Holstein population, heterozygosities (h), effective number of alleles (Ne), polymorphism information contents (PIC), and Shannon's information index were present in Table 3 . Genetic index showed the genetic polymorphisms of these loci from high to low were IGFBP-3, β-lg 5′ flanking region, β-lg, κ-cn, and CSN1S2, respectively. IGFBP-3, β-lg 5′ flanking region, β-lg were moderate polymorphic loci in Chinese Holstein according to the criterion of PIC (Vaiman et al., 1994) .
Relationship between the four loci genotypes and milk production traits as well as mastitis-related traits
Least squares means, and standard errors were shown in Table 4 for the effects of IGFBP-3, β-lg, β-lg 5′ flanking region, and κ-cn on milk production traits as well as mastitis-related traits. Table 4 . Least squares means, and standard errors for the effect of IGFBP-3, β-lg, β-lg 5′ flanking region, and κ-cn on milk production traits as well as mastitis-related traits No association was detected between κ-cn gene and any traits analyzed (p>0.05).
DISCUSSION
IGFBP-3 involved in the regulation of IGFs biological activities can promote the growth rate of animals (Mark et al., 2001 ). This study is the first known research using IGFBP-3 gene as a candidate gene for the milk traits. The genotype frequencies of AA, AB, BB on IGFBP-3 locus were 0.36, 0.42 and 0.22 respectively, the allele A and B frequencies were 0.57 and 0.43. While the genotype BB frequency on IGFBP-3 gene in Chinese Qinchuan cattle was only 0.02, the allele A and B frequencies were 0.84 and 0.16 (Sun et al., 2003) . The heredity of IGFBP-3 gene, the different breeding aims and selective degree might be the main causes for the differences between Chinese Holstein and Qinchuan cattle. Association analysis showed that IGFBP-3 gene affects 305 days standard milk yield and protein percentage. The milk yield of genotype BB was significantly higher than that of genotype AB and AA. Thus allele B of IGFBP-3 gene might favor milk yield. The effect of IGFBP-3 gene on protein percentage exhibited that genotype AB is significantly higher than that of genotype BB, and the difference between genotype AA and AB was not significant. Association between milk protein gene and production traits has been extensively studied, but all results were not the same. Zhu and Zhang (2000) showed κ-cn locus and allele B of β-lg or its linked gene had a significant effect on protein percentage and fat percentage, whereas Lin et al. (1999) and Zhao et al. (1999) showed κ-cn locus was not associated with milk production traits. In this study, the result was consistent with Lin et al. (1999) and Zhao et al. (1999) . In Zhao et al. (1999) study, milk component of genotypes at β-lg locus were significantly different, individuals with genotype AA had a lower protein percentage than that of either of genotypes. While in this study, genotype AB had a negative effect on milk percentage, which disagreed with Zhao et al. (1999) .
Genetic variation in β-lg 5′ flanking region is one of the investigated hotspot. More attention are paid to the differentiated expression reason of β-lg A and β-lg B. Ford et al. (1993) found that the mRNA of β-lg A was much more than that of β-lg B, but the transcriptional level and stability were different. There are 14 nucleotides and 2 nucleotides replacement in 5′ flanking region and 5′ UTR of exon1 of β-lg A and β-lg B (Wagner et al., 1994) . Ehrmann et al. (1997) found association between polymorphism of β-lg 5′ flanking region and protein percentage and β-lg volume in cow milk, and predicted that the difference was caused by effects of alleles on gene expression. Genetic variation of β-lg promotor region may explain the difference of milk production traits (Lum et al., 1997) , and binding capacity of binding proteins led to the differentiated expression of alleles on relationship of SNP of AP-2 binding site with β-lg and milk yield (Kuss et al., 2003) . Although reports have shown association between SSCP of β-lg control region, the difference could not attribute to special point mutation (Kaminski and Zabolewicz, 2000) . So far, the molecular mechanism of effect of β-lg and its 5′ flanking region on milk production traits remains unknown.
In this study, we found a polymorphic locus in β-lg 5′ flanking region, and the genotype frequencies of β-lg 5′ flanking region in Chinese Holstein population agreed with Hardy-Weinberg equilibrium, which indicated the selection pressure on this locus was weak. The genotype of animals in β-lg 5′ flanking region was proved to have significant effects on milk yield, protein percentage, fat percentage, PreSCC, and SCC. More attention should be paid to relationship of genetic variation in β-lg 5′ flanking region and milk production traits in order to utilize them as effective markers in marker assisted selection. Ramunno et al. (2001) found a new allele CSN1S2 F at goat CSN1S2 gene, which was caused by a nucleotide change (G→A, thirteenth nucleotide) in exon 3 eliminating restricted site of enzyme Alw26I.
After digestion with Alw26I, electrophoresis patterns showed allele CSN1S2 F of CSN1S2 locus was a fragment length of 310 bp, and the other allele (allele B) was two fragments length of 179 bp and 131 bp. In the present study, no carrier of CSN1S2 F was detected in Chinese Holstein, which indicated that genetic characteristic of CSN1S2 F was different between species.
Mean of genetic correlation of somatic cell counts and somatic cell scores with mastitis is 0.70, so SCC and SCS are two criteria to evaluate the health of udder and milk quality. Vast investigations focused on quantitative trait loci affecting SCC and SCS using microsatellite markers (Chu et al., 2003) , several studies analyzed effects of candidate genes on SCC and SCS (Ryniewicz et al., 2002; Yahyaoui et al., 2000; Dietz et al., 1997; Starkenburg et al., 1997; Sharif et al., 1998) . A polymorphic locus of defensin gene was tightly associated with SCC and milk production traits (p<0.001), which indicated this locus could be an effective marker to utilize in selection of udder health and milk production traits (Ryniewicz et al., 2002) . In this study, we also analyzed associations between four polymorphic genes and mastitis-related traits. The results showed κ-cn and β-lg significantly affected milk production traits, but had no effect on SCC and SCS. While a significant effect was observed of genotypes of animals at IGFBP-3 and β-lg 5′ flanking region on SCC and SCS, which may be caused by their functions of β-lg 5′ flanking region on milk protein gene expression and IGFs gene family in the process of animal development and growth.
